A key defining feature of stem cells is their ability to self-renew, that is, to preserve the identity of a parental cell through cell division in at least one of the two daughter cells. In general, the requirements for self-renewal include inhibition of differentiation with concomitant suppression of apoptosis and senescence pathways ( Figure  1 ). Only under these circumstances does self-renewal occur, irrespective of stem cell type or the master fate regulators involved.
In this issue of Cell, Galan-Caridad et al. (2007) examined the selfrenewal potential of murine embryonic stem cells (ESC) and tissue hematopoietic stem cells (HSC), two distinct types of stem cells that differ in several respects. First, ESC are derived from the inner cell mass of the early mammalian embryo and although only transient in vivo, they can be maintained in vitro as cell lines by the addition of serum (as a source of bone morphogenetic proteins) and leukemia inhibitory factor to the culture medium. HSC are specified in the aorta-gonad-mesonephros/yolk sac and then migrate to the fetal liver where they undergo expansion (from embryonic day 11.5-16.5). They ultimately migrate to the bone marrow niche (from embryonic day 17.5 onward) where they persist throughout adulthood, mostly in the G 0 phase of the cell cycle ( Figure  1 ). Attempts to maintain or expand HSC outside of their in vivo niche remain modest, and HSC cell lines are not available currently. Second, ESC are pluripotent, that is, they can differentiate into all cell types of an adult animal; in contrast, HSC are multipotent, only giving rise to blood cell lineages. Third, quiescence and senescence are observed in HSC but not in ESC. Finally, ESC undergo symmetrical self-renewal divisions, with one stem cell giving rise to two daughter stem cells, resulting in an expansion in stem cell numbers. In contrast, adult HSC predominantly undergo asymmetrical self-renewal divisions, generating one stem cell and one more committed cell, thus preserving stem cell numbers while enabling blood cell regeneration in vivo. HSC undergo symmetrical selfrenewal divisions only in specific and temporally restricted developmental contexts. Although key master regulators of HSC cell fate are still poorly defined, the molecular basis of ESC self-renewal are more rapidly unfolding, with recent evidence suggesting the involvement of two distinct groups of genes, Nanog/Oct4/Sox2 and Tbx3/Tcl1/Esrrb/Dppa4 (Ivanova et al., 2006) As the molecular mechanisms that govern stem cell fate are beginning to be unraveled, Galan-Caridad et al. (2007) report in this issue of Cell a common role for the transcription factor Zfx in the self-renewal/maintenance of both embryonic stem cells and hematopoietic stem cells. Their work suggests that a regulator of self-renewal can be shared between two different cell types.
the question arises whether there are commonalities in the molecular mechanisms governing their self-renewal. In this issue, Galan-Caridad et al. (2007) now describe a role for the zinc finger transcription factor Zfx in sustaining self-renewal divisions in both ESC and HSC. Given that Zfx knockout mice die at the neonatal stage, the authors generated a conditional Zfx allele in ESC to enable deletion of this gene in ESC and HSC at specific time points. Loss of Zfx in ESC resulted in near depletion of these cells in culture after only two to three passages, pointing to a proliferation defect with an accompanying increase in apoptosis that became very pronounced in serum-free conditions. Despite their rapid exhaustion in vitro, they still harbored markers of undifferentiated cells. Interestingly, Zfx-deficient ESC contributed to the majority of tissues in chimeric animals, excluding hematopoietic tissues, and could form teratomas upon subcutaneous injection into mice. These data suggest that Zfx normally suppresses apoptosis in ESC maintained in culture conditions that favor their self-renewal, but seems dispensable for their differentiation.
In the hematopoietic system, adult mice lacking Zfx exhibited a steep decline in phenotypically defined HSC as early as 2-5 weeks postexcision of the allele, but their progeny transiently sustained blood cell formation. Clearly, self-renewal and maintenance of the long-term repopulating HSC is compromised in this setting, as explained by a moderate increase in apoptosis. Loss of the Zfx gene in the hematopoietic system of early embryos resulted in a more modest decrease in phenotypically defined fetal liver HSC, suggesting that Zfx is not required for this stage of development. In competitive adoptive HSC transfer experiments, Zfxdeficient stem cells displayed multilineage differentiation prior to depletion, but contribution of Zfx null cells to recipient peripheral blood reconstitution gradually declined over a 2-6 month period. The authors demonstrated that stem cell homing to the bone marrow was not affected, and seeding of the Zfx-deficient HSC into another niche, such as the spleen, was not found.
This study depicts fascinating aspects of HSC biology. To begin, it underscores the importance of following HSC behavior over time, to detect the onset of phenotypic aberrations, and thus attempt to decipher the underlying molecular dysfunction. Indeed, apoptosis may be maximal at the precise time point when HSC numbers begin to decline, and the reported difference in death rates between normal and Zfx null HSC could have been missed if cells were analyzed at a later time point. In addition, it provides an incentive to analyze data in light of cell-cycle phase distributions. For example, defects that would force HSC into apoptosis from G 0 may not directly involve self-renewal determinants, because by definition, selfrenewal implies cell-cycle entry (Figure 1) . Moreover, it must be remembered that some HSC properties, such as their ability to engraft, vary according to cell-cycle phase. In the future, it would also be interesting to determine if Zfx regulates HSC senescence. Moreover, it is tempting to draw a parallel between Zfx and other transcription factors that regulate HSC self-renewal such as Gfi1, Bmi1, Etv6, and FoxO (Hock et al., 2004a (Hock et al., , 2004b Lessard and Sauvageau, 2003; Park et al., 2003; Tothova et al., 2007) .
After establishing that Zfx is important for the self-renewal of ESC and HSC, Galan-Caridad et al. (2007) investigated the underlying molecular circuits of Zfx in these two stem cell populations. Analysis of gene expression using microarrays revealed a common set of five downregulated and 20 upregulated Zfx target genes in ESC and HSC. Chromatin immunoprecipitation (ChIP) studies suggested that three of the downregulated genes are direct targets of Zfx and that their mRNA levels increased upon Zfx reintroduction. The authors examined additional candidate genes in Zfx-deficient ESC and observed that the master regulators of ESC pluripotency Nanog/Oct4/Sox2 were only minimally affected by the removal of Zfx, whereas other ESC-specific genes such as Ceacam1, Dub, Tbx3, and Tcl1 were all downregulated. ChIP assays further demonstrated that Tbx3 and Tcl1 are direct targets of Zfx. Interestingly, Tbx3 has been previously described to suppress apoptosis (Carlson et al., 2002) , and downregulation of Tbx3 in Zfx null stem cells could provide an explanation for their increased cell death. Of note, a recent report suggests that Nanog does not regulate self-renewal in HSC (Tanaka et al., 2007) .
The new work by Galan-Caridad et al. (2007) sheds light on the dual dependence of both pluripotent and multipotent stem cells on the transcription factor Zfx for their mainte- To promote self-renewal, apoptotic pathways must also be inhibited, for example, through upregulation of Tbx3 by the transcription factor Zfx (Galan-Caridad et al., 2007) . Quiescence (G 0 ) and senescence have not been described in ESC. (Bottom) To ensure efficient self-renewal, hematopoietic stem cells (HSC) in adult mammals also need to stave off differentiation (for example, with Hoxb4 and growth factors) and apoptosis (possibly through Zfx). A connection has been reported between induction of senescence in HSC lacking the Polycomb protein Bmi1 and decreased self-renewal capacity. Similarly, a factor that would drive HSC into apoptosis from G 0 would lead to their depletion. Question marks with inhibitory arrows refer to potential activities of Zfx.
nance. It also brings us to the intersecting paths of self-renewal and cell survival. Indeed, the direct comparison of ESC and HSC self-renewal and survival programs will require a more complete characterization of their respective components.
Tothova, Z., Kollipara, R., Huntly, B.J., Lee, B.H., Castrillon, D.H., Cullen, D.E., McDowell, E.P., Lazo-Kallanian, S., Williams, I.R., Sears, C., et al. (2007) . Cell 128, [325] [326] [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] [337] [338] [339] The regulation of metabolic processes requires that cells communicate with their neighbors to ensure an appropriate response to the changing environment. The pancreas is a classic example of a tissue that depends on intercellular communication among the same (autocrine) and/or different (paracrine) cell types. The human pancreas is composed of over a million islets, each islet comprising several thousand cells including primarily insulin-secreting β cells but also glucagon-secreting α cells, somatostatin-secreting δ cells, pancreatic polypeptide-secreting (PP) cells, and ghrelin-producing ε cells. Within each islet, the different endocrine cells are thought to communicate with each other, either extracellularly via secreted products or directly through cell junctions. A role for paracrine and autocrine communication in the regulation of islet secretory function was proposed decades ago (Halban et al., 1982) . For instance, insulin release from β cells can act on α cells to influence glucagon secretion, and somatostatin from δ cells acts as a paracrine inhibitor of neighboring α and β cells (Bonner-Weir and Orci, 1982; Samols and Stagner, 1990) . Although intercellular exchange between β cells through membrane channels was confirmed by electrophysiologic and metabolic coupling experiments, the proteins and signaling mechanisms that underlie the communication between these insulin-secreting cells remain unclear. In this issue, Konstantinova et al. (2007) reveal that signaling via an ephrin ligand and its Eph receptor mediate communication between β cells.
Receptor tyrosine kinases (RTKs) play an important role in communicating crucial information from the environment to the inside of the cell to modulate fundamental cellular processes. The Eph receptors constitute the largest family of RTKs, and, together with their plasma membranebound ephrin ligands, have multiple functions during development and adulthood. Ephrins are divided into two subclasses: the A-subclass ligands (ephrin-A1 through ephrin-A5) are tethered to the cell membrane by a glycosylphosphatidylinositol anchor, whereas the B-subclass ligands (ephrin-B1 through ephrin-B3) have a transmembrane domain followed by a short cytoplasmic region (Kullander and Klein, 2002) .
In contrast with most RTKs, the Eph family possesses a unique fea- 
